Forum
A recent BioScience Forum article (Vermeire et al. 2004 ) poses the rhetorical question, "The Prairie Dog Story: Do We Have It Right?" (p. 689).Vermeire and colleagues contend that (a) there is no support for historic estimates that prairie dogs (Cynomys spp.) occupied up to 100 million hectares (ha) of North American grasslands in the latter part of the 19th century; and (b) contemporary and independent estimates that prairie dogs occupied about 40 million ha in the early 1900s may be correct, but this figure represents an "extreme" condition, because prairie dogs were expanding at the turn of the century and populations were artificially high as a result of drought and large-scale overgrazing by domestic livestock. The authors' reliance on conjecture and selective citation falls far short of the "objective evaluation of all applicable scientific findings" that they urge on others and ignores fundamental aspects of North American grassland ecological processes. Their argument does more to polarize an already overheated conservation debate than to get the story "right."
I disagree here with three of Vermeire and colleagues' contentions: (1) that the degree of prairie dog decline from human persecution is overstated because of researchers' use of biased historic occupancy estimates; (2) that prairie dog abundance estimates in the early 1900s were biased upward as an artifact of regional climate and overgrazing in the decades 1880-1900; and (3) that historic peak amplitudes in population fluctuation for species that live in highly variable environments, as prairie dogs do, are poor benchmarks for comparison with current populations.
Vermeire and colleagues' argument that prairie dogs never occupied as many as 100 million ha is convincing, despite other, larger estimates. All researchers seem to agree, however, that independent estimates place total prairie dog colony occupancy around 40 million ha (Nelson 1919 , Anderson et al. 1986 in North America in the early 1900s.
Vermeire and colleagues argue that this estimate represents an "artificially high" benchmark due to extreme conditions. In support of this argument, they state that "approximately 34 percent of the total shortgrass and mixed-grass prairie region" would have been occupied by prairie dogs using the 40-million-ha estimate, which they doubt because "livestock producers would [not] have rushed into the Great Plains as they did" if it were so. Vermeire and colleagues, however, miscalculated the percentage of area occupied, because they erroneously used the figure of occupancy by all species of prairie dogs (40 million ha) and applied it only to the range of the black-tailed prairie dog (Cynomys ludovicianus). (Hall 1981) . Had Vermeire and colleagues applied the 40-million-ha estimate to the entire range of Cynomys (on which Nelson's [1919] and Anderson and colleagues' [1986] estimate was based), the estimate of occupancy would be about 17 percent, using Vermeire and colleagues' own figures for the combined ranges (240 million ha). Vermeire and colleagues' estimate of black-tailed prairie dog occupancy (31 million ha) as a percentage of black-tailed prairie dog range (137 million ha) would have given an occupancy percentage of 23 percent, but recent GIS (geographic information system) analysis indicates the range of the black-tailed prairie dog is about 164 million ha (Proctor et al. 2005) , which gives an occupancy percentage of 19 percent. Knowles and colleagues (2002) provided numerous accounts that prairie dogs were widespread and, in some places, quite abundant before European settlement or introduction of domestic livestock, approaching 15 percent on some landscapes (although more commonly less than 8 percent), suggesting that while an historic estimate of 40 million ha is high, it is not unreasonable.
Occupancy estimates today for black-tailed prairie dogs range from 350,000 to 791,000 ha (USFWS 2004 , Proctor et al. 2005 . Even assuming that substantially fewer prairie dogs occurred historically (25 to 50 percent of Vermeire and colleagues' 31-million-ha estimate, for example) yields declines greater than 90 percent (assuming 8 million ha) or 95 percent (assuming 15 million ha). To any population ecologist, it is not overstating the case that impacts to prairie dogs have been profound, irrespective of what starting benchmark is used.
Because there is no historic rangewide baseline earlier than Nelson (1919) , presettlement estimates of total prairie dog abundance most likely will never be known. However, the argument presented by Vermeire and colleagues that prairie dog abundance in the early 1900s was artificially high because of domestic livestock introduction and drought fails to consider the following:
• Levels of herbivore grazing before the introduction of livestock
• The timing of "drought" in the 1880s and its role in stimulating prairie dog expansion
Herbivore grazing before the introduction of livestock
High forage utilization by Great Plains herbivores was probably the norm when bison were extant prior to introduction of domestic livestock, and thus domestic livestock grazing during the period 1880-1900 was a rebound to initial conditions. Vermeire and colleagues state that the "large-scale overgrazing of the Great Plains [that] began in about 1880" was one reason prairie dog numbers were "artificially high" at the turn of the century. However, they offer no evidence that areas where overgrazing took place correlate with local increases in prairie dogs; they fail to account for the increased density of human settlement that might account for increased observability of prairie dogs; and they take no account of annual variation in livestock density that might have affected "overgrazing." By 1900, the distribution and density of cattle in black-tailed prairie dog range in the western states, for example, was extremely variable and nonrandom, with livestock densities highest in foothill areas and river valleys (Dale 1960) . Whether these habitats correlated with areas where prairie dogs were "expanding" is unknown; thus, the correlation is dubious at best. Although, as Vermeire and colleagues point out, cattle numbers increased in states within the range of the black-tailed prairie dog during the 1880s (figure 1) , total cattle numbers for those states actually declined from 1890 through 1898 (USDA 2004) . Stocking rates alone, therefore, are of little explanatory value in supporting Vermeire and colleagues' thesis. Prairie dogs do benefit from intensive grazing by other herbivores in certain instances (Truett et al. 2001 , Truett 2003 ; thus, it is not unreasonable to assume some relationship existed (as it does today) between the amount of grazing and the area of suitable habitat for prairie dog population growth. Assuming for the sake of argument that prairie dogs were increasing in the latter part of the 19th century, the question, then, is whether domestic livestock grazing produced an artificial condition that led to extreme prairie dog occupancy, as Vermeire and colleagues propose, or whether domestic ungulates were simply restoring the vegetative structural state that existed in the near past.
In 1900, there were approximately 23 million head of cattle in the 11 states within the range of the black-tailed prairie dog ( figure 1; USDA 2004 ). Compare this stocking density to the 30 million bison estimated to occupy the Great Plains in Forum the mid-1800s (Lott 2002) . Bison forage demand is equivalent to that of cattle-one bison cow or calf unit equals, for range management purposes, one cow or calf unit (USDA 2003) , so grazing use in 1900 was about the same or slightly less than during the historic bison levels of the mid-1800s.
Many contemporaneous accounts of the condition of grasslands in the Great Plains while bison were present "indicate repeated, exhaustive grazing" (Hart 2001 ) by bison. North American grasslands may have appeared to be a "pastoral paradise" in the 1880s, as Vermeire and colleagues contend, but numerous accounts from 30 years earlier describe vast areas of the Great Plains with "miserable herbage which had been cropped bare by buffalos [sic]" (Hart 2001, citing Palliser in southern Saskatchewan in 1858; Hart also cites similar comments by Larocque near the Little Missouri in 1805, Carleton in 1845 on the Platt River, Franklin 1845 near the Platte River, and Fremont in 1842 near Julesburg, Colorado). Hart (2001) notes that other grazers, along with "prodigious numbers" of grasshoppers, gave the Great Plains "the general appearance of...heavily grazed rangeland." Over most of the Great Plains, plant species have evolved in response to this intensive grazing regime (Mack and Thompson 1982) .
Before European settlement, these prairies were also often home to extremely large prairie dog colonies (Knowles et al. 2002) . As bison were eliminated over much of their range beginning in the 1850s, a brief period of grassland recovery occurred, as evidenced by range expansions for some grassland species, such as the greater prairie chicken, that rely on structurally complex (i.e., lightly grazed) grasslands (Hjertaas et al. 1993) . Prairie chickens expanded their range into Canada beginning in 1881 (Hjertaas et al. 1993 ), a few years after the extirpation of bison from the northern range (Hornaday 1889) ; the prairie chickens' range began contracting in 1900, when cattle and farming were introduced (Hjertaas et al. 1993) . In contrast, Mead, writing in 1899 (cited in Truett et al. 2001 ), observed that when bison disappeared from Kansas between 1859 and 1898,"prairie dogs, except for a few remnants, disappeared." Bailey (1888) reported that most of the prairie dogs that were "numerous" around the town of Rapid City, South Dakota, in 1877 had disappeared by 1887-again, a few years after bison were locally eliminated (Hornaday 1889), but before cattle had been introduced in large numbers.
If one accepts the premise that prairie dogs benefit from intensive herbivory, then grazing by bison before European settlement would almost certainly have elicited a population response similar to that occurring after cattle introduction later in the century (Truett 2003) , as livestock restored or maintained the dominant vegetation structural state that had been maintained by bison (see, e.g., Mack and Thompson 1982) , particularly when coupled with periodic outbreaks of the Rocky Mountain locust (Melanoplus spretus).
Persistence of prairie dogs is roughly related to historic occurrence and abundance (Lomolino and Smith 2001, Knowles et al. 2002) . Areas of historic abundance probably retain more relict populations and also have larger areas of previously occupied habitat (relict burrow systems) for prairie dogs to return to when environmental conditions improve. This would suggest that, when livestock replaced bison on the prairies in the latter part of the 19th century, remnant populations of prairie dogs were able to recover fairly quickly, a phenomenon that could have been interpreted at the time as "expansion" but was more likely a rebound to initial conditions (Truett 2003) .
The timing of "drought" in the 1880s and its role in stimulating prairie dog expansion Vermeire and colleagues propose that periodic local droughts could have resulted in near-simultaneous rangewide prairie dog expansion through the decades of the 1880s and 1890s. Drought is a recurring ecological process on the Great Plains, with a 2000-year record of longer and more severe droughts than in recent times (Woodhouse and Overpeck 1998) . The 1880s and 1890s were typical in that there were both wet and dry years during the period in different places, but these two decades do not stand out as having particularly unique drought severity, according to the paleoclimatic record (Woodhouse and Brown 2001) . Indeed, the severest drought of the 19th century over the largest area of the Great Plains occurred during the 1860s (figure 2; Woodhouse and Brown 2001) . This is verified by contemporaneous accounts (Woodhouse and Overpeck 1998). Precipitation data (Easterling et al. 1996) for selected locations within the range of the prairie dog, dating to 1867, show a wide range of wet and dry years Simply put, drought during the period 1880-1900 was typically variable throughout the range of the prairie dog, but droughts during this period were not among the most widespread or severest of droughts known from the 1800s. Given a history of several thousand years of bison occupancy on the Great Plains (Lott 2002) , it is unlikely that droughts in the late 1800s produced conditions for prairie dog expansion that were uniquely different from those produced historically.
Annual variation in prairie dog population numbers can be significant (Hoogland 1995) . The productivity and distribution of rainfall and herbivory within the range of the prairie dog vary tremendously, changing the distribution of resources and thus the ecosystem's carrying capacity. The response of herbivores to this unstable climate regime varies. Bison, which are highly mobile and possibly nomadic, can swiftly adjust spatially to match the varying plant phenologies for nutritional requirements (Lott and Minta 1983) . However, prairie dogs are relatively stationary and r-selected (Hoogland 1995) ; therefore, when local conditions fluctuate, so do populations. Prairie dog populations, unlike bison, are ultimately limited by resource availability and dispersal capability. Colonies and complexes thus appear to come and go over ecological time.
The climatic and grazing conditions in the late 1800s were not extreme, either in an absolute or relative sense, in recent ecological time. Thus, while prairie dog occupancy, as estimated by Nelson (1919) and others, could very well have been high in amplitude in the early 1900s, nothing suggests that this benchmark would have fallen outside of the normal range of fluctuations in occupancy for this species. Moreover, because it is critical in unpredictable and unstable environments to maintain the full dynamic range of habitat for species conservation (Poiani et al. 2000) , use of temporal maxima as benchmarks for assessing conservation status is entirely appropriate, particularly for grassland species such as bison and prairie dogs-species that need large areas to buffer against an unpredictable and wide-ranging spatial and temporal variability.
As Knowles and colleagues (2002) note, the debate over how many prairie dogs historically existed detracts from the important issue of conserving ecologically functional numbers of prairie dogs today. For example, the best scientific evidence today suggests that complexes on the order of 4000 ha of active prairie dog colonies may be needed to support successful black-footed ferret recovery (Captive Breeding Specialist Group 2004) . At present, only two areas in North America support prairie dog abundance and distribution at this scale (Proctor et al. 2005) , entirely as a result of human persecution that artificially limits prairie dog abundance and expansion. Expanding the number of ferret recovery areas not only would aid black-footed ferrets but would be a key first step in restoring ecologically functional numbers of prairie dogs as well. The challenge we face now is not how to deconstruct the past, but how to reconstruct a future that retains a place for the prairie dog ecosystem.
